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29
It has been well recognized that volatile organic carbons (VOCs) can change the oxidization 30 capacity of the atmosphere, contribute to the formation of secondary organic aerosols and 31 tropospheric ozone, and lead to the production of cloud condensation nuclei (Houweling et al. 
45
CHOCHO is the smallest and one of the most prevalent dicarbonyl compounds in the 46 atmosphere. The main source of CHOCHO is the oxidation of biogenic VOCs such as isoprene 47 and terpenes followed by anthropogenic VOCs such as acetylene, benzene, toluene, and xylene width at half maximum) was about 0.4 nm at 357 and 476 nm. Measured spectra were analyzed using the Japanese vertical profile retrieval algorithm version 2 (JM2) (Irie et al. 2011 (Irie et al. , 2015 . 97 The retrieval procedures and error estimates are described in detail by Irie et al. (2008a Irie et al. ( , 2008b Irie et al. ( , 98 2011 Irie et al. ( , 2015 . A short description is provided here. 99 First, the measured spectra were analyzed utilizing the DOAS technique (Platt, 1994) to 100 retrieve the differential slant column density (ΔSCD) of trace gases. ΔSCD is defined as the 101 difference between the spectral measurement at an EL and that at the reference EL at 70°. The Abox profiles in the LUT were calculated for 357 and 476 nm, which were slightly different from the trace gas wavelengths. To address such wavelength differences, the AOD at the 121 desired trace gas wavelength was estimated from the retrieved AOD at the closer aerosol 122 wavelength, assuming an Ångström exponent of unity. Then, the recalculated AOD was used 123 to select the corresponding Abox profiles from the LUT. 124 The estimated total error consisted of random and systematic components. The random error The estimated errors, including the uncertainty in the ELs, are summarized in Table 1 (Fig. 3a) . RGF values at Pantnagar were found to have varied between ~0.020 and (Fig. 3a) . The correlation between NO2 and RGF for Pantnagar was not as strong that for Phimai (Fig. 3a) . required, which will be addressed in our future study. series obtained from our MAX-DOAS measuements and GOME-2 observations. GOME-2 observations 442 were averaged over a distance of 50 km centred at Pantnagar. Data with cloud fraction (CF) < 0.2 were 443 used. The monthly means were calculated using days in common between GOME-2 and morning 
